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Introduction
Global energy supply is currently dominated by fossil fuels. Although wind and solar generated electricity is becoming increasingly available across the world, these provide energy intermittently. Energy storage systems are therefore required for load leveling, allowing energy to be stored when generated and used when needed. The transition to reliable renewable energy sources depends on the availability of storage.
1
Rechargeable batteries and supercapacitors are emerging as two important classes of electrochemical energy storage, which can supply energy consistently and allow greater penetration of renewable energy into the electricity grid. [1] [2] [3] Energy storage capability also has obvious benets in terms of reducing greenhouse emissions by displacing the need for fossil-fueled spinning reserves. The current generation lithium-ion batteries are used for portable applications in the main due to their high specic capacity and power to weight ratio. For static energy storage, where such properties are less important, new materials must be developed with lower cost and improved long-term performance.
Electrochemical energy storage involves chemical redox reactions at a surface or interface. The major difference between a rechargeable battery and a supercapacitor is the processes that take place at the electrode surfaces. 4 In the battery, it is governed by the faradaic process, i.e. electron transfer (reduction/oxidation). In the supercapacitor, it is governed by the non-faradaic process, i.e. the charge stored electrostatically on the electrode surfaces. 4 Thus, the interaction between ions in the electrolyte and the surface of an electrode is critically important for both batteries and supercapacitors. To design suitable electrode materials with a specic shape-controlled morphology is a key step in obtaining materials for these applications.
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Electrode materials play a signicant role in the development of high-performance energy storage devices. Transition metal oxides (MO 2 ) 6 and phosphates (LiMPO 4 ), 7 (M refers to transition metal cations), are a well-researched area for over two decades. In particular, manganese di oxide (MnO 2 ) 6 and lithium iron phosphate (LiFePO 4 ) 7 are promising electrode materials because they are readily available, low cost, environmentally friendly, have a wide electrochemical window, and have rich redox chemistry delivering high theoretical specic capacity. In addition, both these materials function well with both aqueous and non-aqueous electrolytes. 8, 9 Recently, metal molybdates MMoO 4 i.e. Mo-containing mixed oxides, have emerged as "hosts" for lithium insertion (as opposed to single metal oxides). These show particular promise for storing renewable energy. Ternary metal oxides have also been reported 10, 11 to exhibit a wide voltage window, which enhances energy storage performance. Among molybdates, alkaline-earth metal molybdates form an important class of functional materials, which has application in many areas such as luminescent devices, optical bers, catalysis, and energy storage.
12, 13 They crystallize with a powellite-type structure, containing large bivalent cations (MMoO 4 , where M ¼ Ca, Mg or Ba), in which the molybdate ions are loosely connected to M cations and adopt a tetrahedral coordination. 12, 13 Among the alkaline-earth metal molybdates, CaMoO 4 has been widely explored for applications such as luminescent hosts, catalysis, LEDs, and energy storage but all the studies related to energy storage are restricted to lithiumion batteries. 14, 15 Despite the merits of using lithium, serious concerns arise with its high and escalating cost and currently limited supply. For this reason, sodium has been considered as an attractive alternative to lithium, due to its low cost and high abundance. In this work, we evaluate CaMoO 4 in sodium-based energy storage devices.
Research on molybdate structural frameworks MMoO 4 with various metal cations (M ¼ Ni, Mn, and Co) has been reported widely and shown their potential as electrodes in both lithiumion batteries and supercapacitors. [16] [17] [18] Among the molybdate frameworks based on metal cations, nickel molybdate (NiMoO 4 ) 16 has caused great interest due to its high redox potential, low toxicity and being environmentally benign than its Co counterpart. Cobalt molybdate (CoMoO 4 ) 17 is another potential candidate as it exhibits a fast reversible redox reaction but is less electrochemically active than its nickel counterpart. However, alkaline-earth-based molybdate systems are much more important functional materials because of their unique intrinsic properties, which have not yet been explored for sodium-ion supercapacitors and batteries.
Based on the above considerations, CaMoO 4 was synthesized at various temperatures. The inuence of synthesis temperature on the crystallinity of the phase and the resulting electrochemical performance has been evaluated. To better understand the experimental ndings, the electronic structural evolution of CaMoO 4 by means of the density of states (DOS) patterns is obtained from the spin-polarized Density Functional Theory (DFT) computations. We report high power capability for the material synthesised at 300 C and high energy density for that produced at 500 C. The cycling performance for both materials showed an excellent retention rate. We also evaluated the possible causes of these effects by using electron microscopy and spectroscopy.
Experimental section

Synthesis of calcium molybdate
Calcium molybdate (CaMoO 4 ) was synthesized using a combustion process. All reagents were purchased from SigmaAldrich. 19 Subsequently, the solution was evaporated to dryness followed by heating in an oven to 150 C for 2 h for complete dehydration of the precursors. Once dried, the dehydrated samples were then transferred into a furnace at either 300 C for 3 h or 500 C for 4 h. Both reactions produced CaMoO 4. However, the lower temperature reaction produced a poorly crystalline phase, while the higher temperature reaction produced a highly crystalline phase.
Brief outline of the computation method
The present computational work has been carried out based on spin-polarized Density Functional Theory (DFT) 4 due to the constraint arising from selfinteraction errors, especially, for d-localized electrons. Therefore, we have used the DFT + U (Hubbard U term) method in which the U effective value was set as 4.38 eV for Mo, which could signicantly improve the accuracy of the band gap values and the corresponding electronic properties of CaMoO 4 . All the structures are fully optimized using the conjugate-gradient (CG) algorithm and are converged until the total energy differences and the residue Hellmann-Feynman forces are below 0.001 meV and 0.01 eVÅ À1 , respectively. This enabled us to nd the minimum energy congurations of CaMoO 4 at 0 K, 300 C, and 500 C temperature. The energy convergence has also been tested for an energy cutoff of 500 eV for the considered system and the 3 Â 3 Â 5 Monkhorst Pack k-points 25 have been used throughout the electronic structure calculations. As our investigation of CaMoO 4 is not only conned to 0 K, but also to 300 and 500 K, we have performed the molecular dynamics (MD) simulation within the framework of DFT + U. The simulation time for the MD calculation is 14 ps with a time step of 2 fs. Aer getting the optimized geometries of CaMoO 4 at 0 K, 300 C, and 500 C, we have determined the projected density of states of the corresponding minimum energy congurations.
Physical characterization of CaMoO 4
The phase purity of the as-synthesized sample was characterized by X-ray diffraction (XRD, Philips PANalytical, Bruker D8) analysis using Cu-Ka radiation at an accelerating voltage and current of 40 kV and 30 mA, respectively. Crystallographic identications and intensities of the samples prepared at 300 C and 500 C were accomplished through comparing the experi- 
Electrochemical characterisation of CaMoO 4
Aliquots (5 mL) of electrolytes used were aqueous 2 M NaOH and non-aqueous 1 M NaClO 4 in ethylene carbonate : dimethyl carbonate : uoroethylene carbonate (EC : DMC : FEC) (88 : 10 : 2) for all sodium-ion battery and supercapacitor measurements. For the sodium-ion battery, metallic sodium (from Sigma Aldrich) was used as the anode. For the single electrode tests, a platinum wire of 10 cm length and 1 mm diameter and mercury-mercuric oxide (Hg/HgO) served as the counter and reference electrodes, respectively. CaMoO 4 was the working electrode. For electrochemical measurements, the materials were investigated by constructing a working electrode consisting of CaMoO 4 (70 wt%), carbon black (20 wt%), and poly-vinylidene uoride (PVDF) binder (10 wt%) with 0.4 mL of N-methyl-2-pyrrolidine (NMP) to make a slurry. Ingredients were mixed in an agate mortar to produce a uniform paste, which was coated onto a 1 cm 2 graphite sheet/stainless steel disc as a current collector.
Galvanostatic charge-discharge experiments and cyclic voltammetry measurements were performed using an SP-150 Biologic potentiostat and an Arbin battery testing unit (ARBIN BT-2000) at Helmholtz Institute Ulm (HIU). All the measurements related to the non-aqueous electrolyte involved a sealed Swagelok-type cell which was assembled in a glovebox under an Ar atmosphere and the analysis was then carried out in air in a similar manner to that conducted in the aqueous system but with different electrolytes.
Results and discussion
Physical characterization and computation (a) X-ray diffraction. Fig. 1 shows the X-ray diffraction (XRD) patterns of calcium molybdate (CaMoO 4 ) synthesized via C sample, the intensity of the peaks (in red) is relatively low and the weakest peaks are difficult to discern, implying that the synthesized product is poorly crystalline and/or the crystallite size is very small. The material synthesized at 500 C shows more intense (in black) and sharper peaks, suggesting that the CaMoO 4 has become more crystalline and/or the crystallites are coarser. No second phases were present in either of these XRD patterns indicating that phase-pure calcium molybdate can be produced through a combustion route at synthesis temperatures as low as 300 C. From the analysis of the XRD data, it seems that the microstructure of the CaMoO 4 crystallite/grain size increases with synthesis temperature. (211) and (114) was found to be 0.55 and 0.5 for the 300 and 500 C materials, respectively. The corresponding (211) to (114) intensity ratios were 68% and 66%, respectively. This estimation may indicate a slight structural deviation from powellite to scheelite at higher temperature. XRD patterns were obtained during in situ heating of the CaMoO 4 material from room temperature to 600
There were only little changes in peak width or positions, indicating that no changes occur in the phase and crystal structure. An increase in the peak intensities was found to occur on ramping the temperature to 600 C. This conrmed the results of the ex situ XRD on as-prepared materials ( Fig. 1 ), namely that crystallinity is enhanced at higher temperature.
(b) Electronic structure of CaMoO 4 . To validate the experimental ndings obtained from the XRD, we have performed electronic structure calculations coupled with molecular dynamics (MD) simulation for computations of the structure of CaMoO 4 . The crystal structure parameters of CaMoO 4 computed at temperatures 0 K, 300 C, and 500 C temperatures are given in Table 1 . The MD simulations, to achieve the minimum energy conguration at 300 C and 500 C, were performed using two different approaches in order to bring out the variations in the electronic structure. In the rst approach, the respective structures were stabilized at 300 C and 500 C, whereas in the second approach, the structures were quenched from a higher temperature of 1725 (arbitrarily chosen) to 300 and 500 C (denoted as Q300 and Q500) with a cooling rate of shows that, as a function of synthesis temperature and the way it has been relaxed, deviation occurs in the crystal parameter. The optimized crystal structure corresponding to the minimum energy congurations of CaMoO 4 is shown in Fig. 2 . The electronic structure calculations have been performed in order to determine the projected density of states (PDOS) of CaMoO 4 at 0 K, 300 C, and 500 C (Fig. 3a-c and e) . The PDOS of CaMoO 4 at Q300 and Q500 are displayed in Fig. 3d and f. The calculated band-gap width increased by 0.1 eV (Fig. 3a and c) of CaMoO 4 on going from 0 K to 300 C and 0.023 eV ( Fig. 3a and e) while heating up to 500 C. Overall, the band gap of CaMoO 4 stabilized around 3.0 eV. In the case of the second modelling approach, following quenching the system from 1750 C with Table 1 Lattice parameters and unit cell volume of CaMoO 4 computed at different temperatures a rate of 20 C per step, no signicant variation in the band gap ( Fig. 3d and f) was observed. This suggests that the change in the band gap is sensitive to the synthesis temperature, supported by the XRD data (Fig. 1) . The modelled results show a shi in the conduction band minima (CBM) and valence band maxima (VBM) in Fig. 3 as a result of increasing the temperature. In the case of 0 K to 300 C, the VBM shied from À0.451 eV to À0.512 eV, and the CBM shied from 2.515 eV to 2.562 eV. Increasing the temperature to 500 C, the VBM shi was minimal while the shi in the CBM has been observed from 2.515 eV to 2.535 eV. In the case of the second approach, the shis (Table 1) in the VBM and CBM are not signicant.
From the projected DOS of CaMoO 4 at 0 K, 300 C, and 500 C (Fig. 3b) , it has been found that the conduction band is local levels and these provide some new insights into CaMoO 4 as a function of temperature.
(c) X-ray photoelectron spectroscopy. X-ray photoelectron spectroscopy (XPS) was used to determine the chemical (oxidation) states of the elements in the CaMoO 4 samples synthesized at 300 C and 500 C. The XPS spectra were processed using a Shirley background correction followed by peak tting with Gaussian-Lorentzian line shapes (Fig. 4 and 5) . The binding energy values for all the cations are in accordance with the reported values in the literature. [27] [28] [29] The Ca 2p spectrum in Fig. 4a exhibits peaks at 347.2 eV and 350.6 eV which can be attributed to Ca 2p 3/2 and Ca 2p 1/2 , respectively. The separation of these peaks at 3.4 eV indicates Ca in the 2 + oxidation state.
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For the material produced at 500 C the peak positions of Ca 2p
( Fig. 5a ) are unchanged but their intensity is varied to a small extent. Fig. 4b and c show Mo 3d and 3p spectra. Mo 3d spectra were tted with two doublets, having spin-orbit components Mo 3d 5/2 and Mo 3d 3/2 at 232.6 eV and 235.7 eV. These are associated with a single oxidation state (Mo 6+ ) in molybdenum oxides. [27] [28] [29] The tted Mo 6+ doublet is slightly asymmetric in shape, again being characteristic of the 6 + oxidation state. 27 The Mo 3p doublet comprising 3p 3/2 and 3p 1/2 at 398.4 eV and 415.9 eV obscures the presence of an N 1s peak. A possible t to this region is shown in Fig. 4c , using a main Mo 3p doublet for Mo 6+ and a single peak to account for a loss feature that exists at the low binding energy of the Mo 3p 1/2 peak. The remaining area is then tted with a single N 1s peak set to the 400 eV position. Very similar behaviour was observed in Fig. 5b and c for the 500 C sample, except for the intensity variation. The correlations of Ca and Mo oxidation states with binding energies are in accordance with the literature value, suggesting the formation of the CaMoO 4 structure as a function of temperature. Fig. 4d presents the deconvolution of the C 1s spectrum exhibiting three characteristic peaks at 284.6-285 eV, 286.3-286.7 eV, and 288.6 eV that can be assigned to C-C, C-O, and C]O, respectively. 30 The C-C is likely due to adventitious carbon contamination, and C-O arises from the residual urea as a fuel during the combustion synthesis and the C-NH 2 functional group would be assigned to the C]O peak. 30 Similar behaviour was observed for the 500 C material relating to C-C and C-O while about 3 at% of carbon (C]O) is less in the 500 C material. This suggests residual carbon from the decomposed urea, which is present on the surface of the 300 C material. This is reduced in the 500 C material due to oxidation. Fig. 4e shows the deconvoluted O 1s spectra exhibiting two peaks: the main peak around 530 eV is associated with the metal oxide, and the peak at 532 eV is attributed to the carbon-oxygen species. 30 Overall, the XPS study conrms the formation of CaMoO 4 for the samples synthesized at two different temperatures 300 C and 500 C with a relatively higher intensity and low carbon content observed for the sample synthesized at a higher temperature. The effect of crystallinity and particle size may have no effect on the oxidation state and therefore no changes are observed in the binding energies.
(d) Field emission SEM and transmission electron microscopy. SEM was used to characterise the surface shape and size of the CaMoO 4 powder synthesized at 300 C (Fig. 6) and 500 C (Fig. 7) . The 300 C material comprised densely agglomerated particles (Fig. 6a ). These were roughly spherical being 120-100 nm in diameter (Fig. 6b) . The EDS analysis (Fig. 6c ) was consistent with pure CaMoO 4 , with a trace amount of Al arising from the support stub, upon which the specimen is mounted. The microstructure of the material produced at 500 C was quite different. The grains (Fig. 7a) are fused together and irregular in shape. The agglomerates appear to be less dense, with larger open pores and the size of the individual particles is much coarser (50-250 nm) (Fig. 7b) than the lower temperature material. EDS analysis (Fig. 7c) again indicated high purity. This indicates that the coalescence of the smaller particles occurs at higher temperature. In turn, this produces a coarser grained, more porous microstructure. XRD patterns show that this coarsening is not associated with any change in the crystal structure of CaMoO 4 .
To study the materials more in detail, scanning transmission electron microscopy (STEM) imaging has been employed. High angle annular dark eld (HAADF) and bright eld (BF) images of the CaMoO 4 synthesized at 300 C and 500 C are shown in Fig. 8 and 9 . Fig. 8a shows a bright eld image of a cluster of spheroidal particles 20-100 nm in diameter. The particles are tightly packed with small void spaces between them. Fig. 8b shows details of one of the particles. The bright regions within the crystal are voids 2-5 nm in diameter. These are most likely densication voids which form by coalescence of vacancies as the particles grow during the synthesis. Atomic resolution images ( Fig. 8c and d) conrm that the particles are crystalline.
Aside from the voids, defects were not evident. Some particles (Fig. 8c) showed lattice fringes almost up to the crystal edge (bounded by a very thin <2 nm amorphous layer), while others ( Fig. 8d) clearly showed a thicker (2-3 nm) amorphous surface layer. This was identied as being carbon using electron energy loss spectroscopy (Fig. 8e ). This carbon is likely residual carbon from incomplete removal of the urea during combustion synthesis at a low temperature (300 C).
For the material synthesised at 500 C, the particles were both coarser and more irregular ( Fig. 9a and b) than at lower temperature (Fig. 8) . The particle size was in the 50-250 nm range with some particles becoming cylindrical. Within individual crystals, a small number of relatively large (10 nm) pores could be seen (Fig. 9c) . Comparison with the lower temperature material (Fig. 8b) showed that the effect of increasing the combustion temperature from 300 to 500 C caused the voids to increase in size, but decrease in number. At higher temperature, voids could shrink by emitting vacancies. Any vacancies reaching the surface of the crystal would be eliminated. Within the bulk of the crystal, thermally activated vacancy migration would result in void coalescence and coarsening. The result would be a less strained/ defective structure, which would account for the improved crystallinity observed in XRD for the higher temperature material (Fig. 1, S2 and S3 †). High-resolution imaging (Fig. 9d) showed no surface amorphous layers of carbon, suggesting complete removal of carbon at this higher temperature. This was conrmed by electron energy loss spectroscopy (EELS) (Fig. 9e) . Note the Mo M edges form a broad hump, the peak of which occurs just to the le of where the C K edge is marked (283 eV). A lower carbon content for this higher temperature material was also found in XPS.
(e) Surface area analysis. As the electrochemical performance of the material is heavily inuenced by the surface area, the porosity of the CaMoO 4 materials was measured by the Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) analyses and the results are shown in Fig. 10 . The 300 C material possesses well-developed porosity, reected by the N 2 sorption isotherm of type III. 31 The BET surface area was 20.6 m 2 g À1 compared with 12.2 m 2 g À1 for the 500 C material.
The proportion of small pores (<20 nm) is higher (Fig. 10a inset) for the sample synthesized at 300 C while the proportion of large pores (>20 nm) is higher (Fig. 10b inset) for the 500 C material. The coarsening of the particles and a larger pore structure in the higher temperature material were also evident in the microscopy results (Fig. 6-9 ).
Electrochemical characterization e. The scan was initiated at 0 V going in the forward (anodic) direction to +0.6 V and then reversing back to the starting potential. As can be seen in Fig. 11a , CV proles at different sweep rates invariably consist of two reduction peaks (C 1 and C 2 ) and one oxidation peak (A 1 ) suggesting that the CaMoO 4 electrode undergoes only one oxidation process and the product formed during the oxidation undergoes two separate reductions. Moreover, with an increasing sweep rate, the area under the redox curves is proportional to the sweep rate indicating excellent reversibility of the electrodes. 10, 11 When the CaMoO 4 electrode is introduced into the alkaline electrolyte with a pH of over 8.0, it is oxidized to form Ca(OH) 3 À (eqn (1)) prior to any electrochemical measurements. It is reported that MoO 4 2À in the pH range of 8 will not exhibit any redox peaks.
19,32,33 
The electrochemical behaviour of CaMoO 4 in Fig. 11a exhibits a quasi-reversible faradaic process. This involves electron transfer in the Ca redox couple, with the ability of OH À to be reversibly intercalated into Ca 3 O 4 for improved charge storage (forming CaOOH) which is attributed to pseudocapacitance. 4 However, the peak C 2 (eqn (4)) intensity arises from the formation of calcium oxide (CaO) and adsorption of ions on the surface of the active sites of the nanoparticles. This corresponds to a non-faradaic process, which is not reversible during the oxidation process but contributes to the capacitance. The above studies indicate that the reduction of Ca 3 O 4 is reversible while the further reduction of CaOOH forms a mixture of CaO and adsorbed OH À ions, which is irreversible. This behaviour is also substantiated by the corresponding charge-discharge curve (Fig. 11b) , which is a quasi-triangular curve. Hence, the observed specic capacitance of 20 F g À1 is contributed by both the faradaic (eqn (2) and (3)) and non-faradaic reactions (eqn (4)). To examine this material for its suitability as a negative electrode, the scan was initiated at 0 V going in the reverse (cathodic) direction to À1.0 V and then reversing it back to the starting potential. Hydrogen reactions may occur in the far negative region, so the potential was limited to À1.0 V. As can be seen in Fig. 11c , the process is fully reversible with a larger area under the curve indicating that the storage capability is higher than that observed in the positive region (Fig. 11a) . The proportional increase in the current at a higher sweep rate indicates excellent rate capability of this material, a desirable feature for supercapacitors. The reactions in the negative region correspond to the redox peaks as per the following eqn (5) and (6) Ca ( 
The CV prole of CaMoO 4 in Fig. 11c exhibits a quasirectangular shape indicating a capacitive like behaviour with an observed specic capacitance of 59 F g À1 while the chargedischarge curves are triangular as shown in Fig. 11d . These results show that the electrochemical reactions are strongly dependent on the chosen potential region. The material was then examined over a larger voltage window. The scan was initiated at 0.6 V going in the cathodic direction to À1.0 V and then reversing it to the starting potential, spanning a voltage window of 1.6 V. A typical characteristic curve is shown in . On the other hand, the electrochemical properties of the sample prepared at 500 C ( Fig. S4a and b †) under identical conditions showed a similar behaviour but lower electrochemical activity and the available specic capacitance is half the value of that of the sample prepared at 300 C resulting in 40 F g À1 . Therefore, CaMoO 4 prepared at 300 C with enhanced storage properties behaves as a hybrid material, which is suitable to act as both the anode and cathode. However, the available storage is three times larger in the negative region. This is in contrast to CoMoO 4 , MgMoO 4 and NiMoO 4 electrodes tested for supercapacitors in aqueous 2 M NaOH solutions, for which the potential window is limited to a maximum of 0.7 V. [16] [17] [18] The versatile nature of the Ca cation, which can operate over a wide voltage range, is a key factor contributing to its excellent performance. The reported capacitance for metal molybdates such as MnMoO 4 and CoMoO 4 is around 100 F g À1 , which is comparable to the current value of 80 F g À1 with an energy density of 102 W h kg
À1
.
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(b) Two-electrode conguration. Based on the above facts as a single electrode, CaMoO 4 was fabricated in a two-cell conguration (full-cell), coupled with metallic sodium in a non-aqueous electrolyte to facilitate its use in storage applications as an anode material. Reported potentials are with reference to the metallic sodium electrode. The electrochemical results for 300 C and 500 C are shown in Fig. 12 . The CV prole of CaMoO 4 was recorded in the voltage range of 0.005-2.5 V vs. Na at different sweep rates ranging from 0.3-1 mV s À1 . Interestingly, the CV prole of the 300 C material (Fig. 12a ) differs in shape from that of the 500 C sample (Fig. 12b) . The sweep was initiated in the cathodic direction and then reversed back anodically to 2.5 V. The characteristics of the curves for the 500 C material (Fig. 12b) show a reduction peak (C 1 at 0.3 V) and a corresponding oxidation peak (A 1 at 0.5 V) while the curve for the 300 C material (Fig. 12a) shows no obvious peak and has a quasi-rectangular curve, essentially at higher sweep rates, as opposed to Fig. 12b that shows redox behaviour. Fig. 12a indicates capacitive-like behaviour based on surface Na + ion adsorption/desorption (eqn (7)). The lower temperature material has a larger surface area which can facilitate this process
The charge/discharge performance at a C/5 rate (corresponding to a full charge or discharge of the theoretical capacity of CaMoO 4 in 5 h) of the 300 C material (Fig. 12c) showed a triangular-shaped curve. It is asymmetrical in shape but shows an excellent retention of 85% aer 1000 cycles. The initial capacitance was 40 F g À1 and aer 1000 cycles, it reduced to 34 F g À1 . The charge-discharge at the C/10 rate for the 500 C material (Fig. 12d) shows a relatively at charge/discharge prole, which is a typical battery-type behaviour. The 2 nd charge/discharge capacity was calculated to be 115 mA h g À1 , which is 35% of the value obtained in the rst cycle. This is due to the formation of a solid electrolyte interface (SEI) layer (shown in the Fig. 12d inset) . The redox reaction which corresponds to the charge and discharge curve is shown in eqn (8) .
It is clear that the 300 and 500 C materials exhibit different electrochemical behaviour. The rate capability and cycling stability of both materials as a function of current density were tested ( Fig. 12e-h ). At a current rate of 0.1, 0.15, 0.2, 0.3 and 0.4 A g À1 , the specic capacitances for the supercapacitor (Fig. 12e) respectively. In the case of the 500 C material (Fig. 12f) , the specic capacity of the battery at current rates of 0.04, 0.08, 0.16, and 0.32 was found to be 130, 80, 40, and 20 mA h g À1 , respectively. CaMoO 4 (Fig. 12g) outperforms the higher temperature material by displaying both good capacitance and stable cycling. The low temperature material morphology and higher surface area may contribute to this. Its initial capacitance (40 F g À1 ) initially decreases to 35 F g À1 but thereaer, it maintained an excellent stability with a retention of 83% capacitance.
In the case of the 500 C material, the cycling stability is shown to be stable (Fig. 12h) aer the initial few cycles, with a reversible capacity of 80 mA h g À1 aer 100 cycles. The initial rapid drop in capacity is attributed to the formation of a SEI layer during the initial sodiation that resists the ow of ions through the electrode. Aer a few cycles it eventually settled down, then allowing the access to the active material. However, apart from stable cycling, all other performance characteristics are inferior to those of the 300 C material. The reversible capacity is considerably lower than 200 mA h g À1 reported for
as-synthesized CaMoO 4 in lithium-ion batteries by Sharma et al., 14 Culver et al., 15 Liang et al., 35 and You et al. 36 The key effects of synthesis temperature were to produce a larger surface area, smaller particle size, more densely packed morphology and more defective crystal structure in CaMoO 4 synthesised at 300 C compared with 500 C. Collectively, these inuence the electrochemical reactions, which can be either faradaic or nonfaradaic.
Conclusions
The electrochemical properties of CaMoO 4 synthesized at different temperatures (300 C and 500 C) have been assessed for sodium battery/supercapacitor applications. The synthesis temperature exerts an inuence on its behaviour. CaMoO 4 is found to be a hybrid material, which makes it suitable to work in a wide potential window. The relationship between the degree of particle crystallinity, morphology and their inuence on electrochemical reactions and the operating voltage window have been analyzed and discussed. The materials' structural parameters are dependent on the synthesis temperature and so optimisation of that temperature is of key importance in producing high performance materials for energy storage. Molybdenum ions are active in both aqueous and non-aqueous electrolytes but they do not exhibit any reactions in a basic aqueous electrolyte. The key to improving upon the performance of this material lies in further optimising materials synthesis. These results shed new insights on the use of alkaline earth molybdates in aqueous and non-aqueous solutions and highlight their distinct electrochemical properties and their interplay with material synthesis.
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